* In order to realize the visualization and maintenance of each photovoltaic power station, especially the distributed ones, the safety and reliable operation and data of the photovoltaic power generation system are guaranteed for the Internet and the mobile network. Statistics, the text based on the Beidou satellite navigation communication system for the development of China's photovoltaic power grid to build an effective platform. Beidou navigation system, both positioning, timing and communication functions, with a wide range of high reliability, positioning timing accuracy, all-weather and without the impact of various interference characteristics for the photovoltaic power generation system provides a safe and reliable data communication link, Which provides important guarantee for the power data, climate data and real-time monitoring of dynamic positioning of the building.
INTRODUCTION
With the development of economic and consumption, the haze and greenhouse effect brought by the fossil energy consumption is more and more serious. To solve this problem, we need to vigorously develop the photovoltaic (PV) power generation, biomass power generation, wave power generation as the representative of the new energy industry. In order to conserve and make full use of land resources, PV Power Station (PPS) is generally built in remote deserts or roofs of houses, people are not easy to reach, and it added difficulties to the maintenance and monitoring of it [1] .
Many scholars have studied the subject of PPS monitoring. Shariff F., Rahim N. A., Hew W.P. formed a monitoring system using Modbus-RTU and Modbus-TCP / IP protocol for communication [2] . Similarly, Kim H.S., Yang L.L., Lim E.S., et al used RS485 bus and INTERNET technology [3] . Malone, Wang Wei developed a smart monitoring platform based on Android smart phones and wireless sensor networks, mainly for small systems, it requires INTERNET connection and WIFI environment [4] . The shortcomings of these technologies are mainly reflected in: First, PV is often built in remote rural areas and desert, the Internet network is Shunde Polytechnic, Shunde Guangdong 528300, China; 2 Solar Energy Research Institute of Sun Yat-sen University, Guangzhou, 51600, China Xiao Wenping, xwp556@126.com difficult to reach. Second, the cost is higher. Third, the security and confidentiality is poor. The National Development and Reform Commission, "the power monitoring system security requirements" (2014 Decree No. 14), National Energy Board issued "on the issuance of power monitoring security protection and assessment of the notice" (National Security [2015] 36), State Grid "China National Center on the organization signed a network of scheduling agreement to supplement the provisions of the notice" ([2016] No. 74) and other documents on the power system security put forward stringent requirements. Use the Internet and mobile 3G, 4G network vulnerable to hackers and malicious code intrusion and attack, is not conducive to secure communications.
BeiDou Navigation Satellite System (BDS) is a global satellite navigation system developed by China. To provide users with accurate positioning, precision timing and unique short message communication function [5] . In this paper, through the Beidou communication network, a number of substation voltage, power, environment, alarm and other signals are concentrated in a field control center. Remote real-time data, historical data can be shared in the control center, to facilitate the operation of the various departments of the power station management and optimization.
SYSTEM MAIN TASK
In accordance with the "unattended, less people on duty" principle, the paper wants to design a PPS monitoring system in the electrical secondary side.
PPS Data Collection and Display
In the PPS, each power generation unit includes PV array, confluence box, DC mine protection cabinet, inverter, split transformer and the corresponding monitoring and protection equipment. Real-time dynamic monitoring of power generation-related information, monitoring data reflects the dynamic characteristics of the system power generation. It includes the real-time data and status acquisition of the underlying equipment such as voltage, current, grid power, inverter, confluence box, battery panel, battery pack and its controller, ambient temperature and so on.
PPS Scheduling Management
The operation of the PPS requires some maintenance work, such as the interconnection of the inverter grid-connected switch, the cleaning of the PV cell array, and the response to abnormal weather. The system should realize the longdistance test, the long-distance control, the long-distance communication and the long-distance dispatching multi-function as the one, and has the high reliability to ensure the safe and reliable operation of the whole power station and the uninterrupted and stable operation. Parameters that need to be set and modified include data acquisition interval, threshold for fault diagnosis, threshold for solar radiation warning, and image acquisition.
Fault Monitoring And Alarm
Monitor the operating status of all devices in the system. When the device fails, the alarm will prompt, and the system stores the fault information, including the time of the failure and the cause of the failure for the analyst to view. PPS operation failure, including grid voltage and frequency anomalies, inverter overload, short circuit, high temperature, island operation, battery charging anomalies, high temperature and the controller and communication links. These failures require timely processing, call maintenance personnel to repair the equipment, resume communication. The management PPS system based on BDS has the function of accident and emergency handling and alarm. When a device is abnormal, the system can quickly identify and locate the alarm signal, so as to take appropriate measures.
PPS Base And Building Abnormal Monitoring
The deformation observation mainly includes settlement observation, displacement observation, deflection observation, rotation angle observation and vibration observation. If the power station is located on the roof of the building, the displacement of the power station base is mainly the stability of the building monitoring. Deformation observation is to measure the deformation of the building and its foundation (spatial displacement), due to load and geological conditions and other external factors changed [6] . Real time kinematic (RTK) carrier phase difference technique is a method that to place a Beidou receiver at the base station, and then calculate the corrected value between the received satellite data and the known precision coordinates, and then transmit it to the user receiver in real time. The receiver joins the satellite signal and the RTK data difference equation to solve the correction error, and thus improve the positioning accuracy to an accuracy of several centimetres.
Real-Time Secure Transmission Of Grid Data
The monitoring centre and each sub-PPS, or sub-PPS each other, can communicate with BDS communication link, thus forming a power management system communication network. In addition to ensuring the reliability and real-time communication, it must also ensure the confidentiality of communication to prevent external attacks and interference. 
SYSTEM MACRO DESIGN
System design is divided into three hierarchical structures, from bottom to top, including: PPS signal acquisition layer, communication link layer and multi-power plant centralized monitoring layer. Thus the whole system consists of four modules: data acquisition module, communication module, data service module, client data processing module. In the industrial control computer platform, the use of .NET platform to design Web-based program, after repeated demonstration, the system architecture shown in Fig.1 .
SYSTEM IMPLEMENTATION Data Acquisition Layer
According to the characteristics of the operation of PPS, the data is divided into three categories: one is the common data of PPS operation; the second is a single inverter running data; third is the analysis of the existing data after the statistical data. Specific properties as shown in Tab.1: The full operation status monitoring of the plant requires a reasonable distribution of the sensor, the voltage and current data of each PV module, and the control of the components to clean the system. Batteries are an important part of PPS, in order to protect the battery, to prevent overcharge or over discharge, to extend its life, battery voltage, charging current and temperature also need to be monitored. PV modules are exposed to open air and are susceptible to lightning. To ensure safety, the signal transmission uses electro-optic and photoelectric conversion modules to isolate the data acquisition controller and the industrial computer.
Voltage
Beidou Short Message Communication Format
BDS terminal provides RS-232 serial interface, generally use 9-pin O-type or BD-type socket. In the form of serial non-synchronous transmission, the transmission baud rate defaults to 115200bit / s, 1bit start bit, 8bit data bit, 1bit stop bit, no parity [7] .
The Beidou protocol package conforms to the RTU protocol, and the same as the GPS data format, also takes the '$' sign bit as the beginning of the protocol.
Interface data transmission basic format: instruction / content, length, user address, information content, checksum.
"Instruction / Content": is represented by a byte of ASCII code; "Length": represents the total number of bytes of data from the start character "$" to "checksum" (including checksum); "User Address": for the Beidou terminal ID number, length of 3 bytes, of which the effective bit for the low 21bit, high 3bit 0; "Information content": with binary original code that the parameters of the required length of the format to fill, not enough bits in the high with 0 fill. Multibyte, the first pass high and then pass low. For signed parameters, use "0" for positive, "1" for negative;
"Checksum": refers to the result from the start character "$" to the first byte of the checksum, the result of the exclusive OR operation by byte.
Beidou communication terminal communication provides a series of debugging commands, such as system self-test, IC detection, version read, time output, serial output, communication applications, positioning applications, and it specify the corresponding format. For example, the format of the positioning application is: $ DWSQ Length (16bit) User Address (24bit) Information Category (8bit) Elevation Data and Antenna High (32bit) Pneumatic Data (32bit) Incoming Frequency (16bit) Checksum (8bit).
BDS-based sub-PPS Communication with the Master Station
The BDS-based communication system structure consists of a measuring device installed at each sub-PPS and a power management system at the main site. They communicate by the BDS and the ground high-speed data link, and the network topology is shown in Fig.3 . The main site server and the data service centre are the control core of the power management and monitoring system. The data service centre receives the information from each sub-station with the Beidou terminal. After the initial processing, the received data is divided into two: the first is forwarded to the subsite by the satellite for the corresponding control. The other way is sent to the master server. The master server and the data service centre are the control core of the system. The master server stores, analyses, processes, and monitors the received data. It would connect to the national power dispatch network (SPDnet) via the Internet. The national grid and the main server can both issue operating instructions to the substation and power station, to complete the power dispatch.
The communication between the PV primary site and the sub-site or sub-site is dominated by the Beidou terminal. Before sending, you must first encode the information into the Beidou terminal SMS format, and then send it to the Beidou terminal.
Beidou terminal SMS command format: $ TXSQ Length (16bit) Send User Address (24bit) Message Type (8bit) Receive User Address (24bit) Message Length (16bit) Yes No Answer (8bit) Message Content (up to 1680bit) Checksum (8bit).
The characters and numbers of the text are represented by ASCII code, and Chinese characters are represented by GB2312 (2 bytes for 1 character).The information in the type 1 and type 2 of Tab.1 are transmitted through the contents of the message. And it must accord to a fixed format. Taking into account the length limit of the short message and data security, reliability, it is necessary to compress the data, encryption and error control. Currently, the data compression protocols have two major industry standards: MNP5 and bis V4.2. The system uses the latter, which uses Lempel-Ziv compression technology with a maximum compression ratio of 4:1. Data encryption uses 3DES conventional encryption algorithm.
Base or Building Displacement Monitoring
If the PPS is built on the top of a high-rise building, it is possible to realize realtime monitoring of them with the high-precision positioning function of BDS to prevent the overturning risk due to excessive swing or displacement of the building. In the event of an exception, check the PV base or the building itself, could take measures to prevent and ensure the reliability of the system. The principle of building displacement monitoring is shown in Fig.4 . the Beidou terminal is fixed to the PV base or buildings that need to monitor, receive the positioning signal from the satellite, the accuracy of the positioning signal is about 10 meters due to the interference atmospheric ionospheric and tropospheric, satellite clock error, satellite orbit error and the receiver center phase error, and so on. The Differential Beidou navigation station shown in Fig.4 transmits wireless RTK differential data. Joint satellite signals and differential signals, sub-site controller improved the positioning accuracy. With the advancement of science and technology, RTK technology has developed into wide area differential system (WADGPS), some cities have establish a continuous operation of the satellite positioning service system (CORS), which provides a convenient for urban high-rise building displacement monitoring. The data service layer at the main station is connected with the power dispatching data network (SPDnet) [8] . By receiving real-time environmental meteorological data from each sub-station, the power data of PPS, and the running status of PV modules, it could record and operate the events according the scheduling technical requirements. The main functions of the data service layer include system management, site management, real-time information, historical query, fault reminder and processing functions, as shown in Fig.5 .
Data Service Layer
When the program starts, firstly debug the serial port, select the good communication port, baud rate, stop bit and parity bit, and then open the real-time acquisition button , it can collect the data and display, after the acquisition, press the stop button. Choose different operating interface respectively, can visually see the power generation data, equipment status (including voltage, current), environmental conditions (temperature, humidity, light intensity) values. When the fault occurs, it could alert the relevant staff to deal with. F a u l t r e p o r t U n t r e a t e d f a u l t P r i n t S e t t i n g s u s e r s e t t i n g s Figure 6 . System function module diagram.
The master system function module is designed as shown in Fig.6 . "User management" for the user's login, exit and modify the password. It is managed by a unique super administrator responsible for add ordinary users and permissions settings, the user's information could be modified by the administrator or ordinary users. Ordinary users are given different operating authorities according with the category to ensure the safety of the system. "Site management" is the establishment and management of the sub-PPS, its affiliated equipment and the Beidou communication link. The system can select the corresponding variables such as inverter, battery, controller and so on according to the actual situation of the substation, and can also select the relevant variables such as ambient temperature and humidity, wind speed, component surface temperature and so on. "Beidou communication" set Beidou terminal communication corresponding baud rate, stop bit, data bit and other parameters. "Real-time data" display the data collected from the sub-site equipment in time, including the PV cell array voltage and current, inverter output voltage and current and its phase, the inverter output power, temperature, solar radiation power, the switching device Status and so on. "Historical data" is for the user to retrieve the previous data view and analysis from the database. "Fault handling" is used to maintain the sub-site, solve the components open circuit, short circuit, aging, hot spot or inverter, boost and other aspects of failure and analysis of the cause of the malfunction. The system can generate a comprehensive report on the operation of the power plant statistics and analysis.
EXPERIMENT, OPERATION AND CONCLUSION
From September to December of 2016, the PV test system based on BDS control terminal was tested and commissioned for a period of three months on the roof platform of Building 8, Shunde Vocational and Technical College. The test system consists of two 2KW, and a 1KW small PPS. During the test, the data reception rate of BDS was 99.27%. The main site to the three sub-sites had sent instructions 1689 times with a success rate of 100%, the experiment fully meet the PPS management system, remote communication design requirements.
Compared with the traditional energy, solar energy has the advantages of inexhaustible, inexhaustible, and pollution-free, it is the most convenient and safe clean energy. However, PPS is generally built in remote areas and roofs, the geographical environment, natural conditions are relatively poor, it is necessary to carry out remote monitoring and maintenance system, and let one person to maintain a number of distributed power plants. Therefore, it is of great practical significance to carry out communication based on BDS and realize remote and secure monitoring of PPS and ensure safe and reliable operation of PPS.
